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(37) ABSTRACT

A cone crusher having a frame, an outer blade adapted to be
locked to the frame, an inner blade eccentrically and verti-
cally movable relative to the outer blade, and the 1inner blade
and the outer blade define there between a crushing chamber,
a main shaft which 1s stationary relative to the frame, an
eccentric bearing-mounted on the main shaft, a support cone
on which the inner blade 1s arranged, and an adjustment shaft
by means of which the support cone 1s vertically movable
from below. A hollow space 1s arranged inside the main shaft,
the adjustment shaft 1s arranged to the hollow space, a load
cylinder 1s arranged to a lower end of the main shait which
load cylinder comprises an adjustment piston acting to a
lower end of the adjustment shait, a pressure medium supply
1s arranged to a pressure volume under the adjustment piston
for moving vertically the adjustment shaft, and a lubricant
supply 1s arranged above the adjustment piston for directing
lubricant via the hollow space to targets to be lubricated. The
main shaftt 1s fixed stationary to the frame such that the lower
end of the main shaft extends outside the frame under the
frame and that the lubricant supply 1s arranged from outside to
the outside extending part of the main shaft and through the
main shatt to the hollow space.

13 Claims, 4 Drawing Sheets
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CONE CRUSHER AND PROCESSING PLANT
FOR MINERAL MATERIAL

TECHNICAL FIELD

The invention relates to a cone crusher which comprises an
outer blade and an inner blade which 1s movable within the
outer blade and which cone crusher is suitable for mineral
material crushing. The invention relates particularly, though
not exclusively, to a cone crusher having an inner blade which
1s movable 1n vertical direction by means of an adjustment
shaft located within a main shaft of the crusher. Further the
invention relates to a processing plant which comprises a
cone crusher.

BACKGROUND ART

In a gyratory and cone crusher a relative position of an
inner wear part to an outer wear part 1s brought closer by
adjusting the inner blade upwards or the unloaded outer blade
downwards.

In known solutions a significant increase of height of the
crusher 1s disadvantageous when an adjustment distance 1s
enlarged. The height increase of a whole crushing plant 1s
disadvantageous when the height of the construction
increases, what, among others, complicates feed of material
and, for example, transport of movable crushing apparatuses.
Increase of weight ol the construction 1s also disadvantageous
when the height of the construction increases. Long radial
bearings are needed in the adjustment direction when an
adjustment of a setting 1s made by means of the inner blade of
the cone crusher. It 1s not possible to adjust dynamically the
setting of the crusher by adjusting the outer blade when the
crusher 1s loaded.

EP 1843851 B1 shows several cone crushers in which a
crushing chamber 1s formed between a stationary outer blade
and a movable inner blade. The inner blade of the crusher
shown 1n FIG. 5 of document EP 1843851 B1 1s mounted on
a support cone which 1s bearing-mounted by means of a first
radial bearing outside an eccentric. Crushing force 1s pro-
duced to the crushing chamber by moving the inner blade
radially through the eccentric. A portion of a frame of the
crusher 1s forming a stationary main shaft and the eccentric 1s
bearing-mounted inside the eccentric on an outer surface of
the main shait by means of a second radial bearing. A verti-
cally movable adjustment shait 1s mounted through the frame
of the crusher and the eccentric, the upper end of which
adjustment shaft 1s actuating to the support cone through a
thrust bearing. A load cylinder which 1s acting in vertical
direction 1s arranged to the lower end of the adjustment shaft
for vertical movement of the inner blade. Lubricant for the
crusher 1s fed through a pressure volume and a piston of the
load cylinder to the adjustment shaft and further via flow
channels arranged inside the adjustment shaft to lubrication
targets 1nside the crusher frame. The outer blade 1s locked
stationary to the cone crusher frame during the loading. The
outer blade 1s adjustable relative to the cone crusher frame
during stop of the crusher, before loading.

An object of the mvention 1s to create a cone crusher 1n
which the flow of the lubricant 1s implemented 1n an alterna-
tive way. A particular object 1s to enhance adjustability and
usability of the cone crusher. A particular object 1s to create a
cone crusher 1n which dynamic adjustability of the setting 1s
enhanced. A particular object 1s to create a cone crusher
having a simple construction. A particular object is to lighten
the cone crusher, particularly the frame. A particular object 1s
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2

to lower the construction of the cone crusher. A particular
object 1s to reduce amount of machining to be made to the
frame.

SUMMARY

According to a first aspect ol the invention there 1s provided
a cone crusher comprising,

a frame,

an outer blade which 1s adapted to be locked to the frame,

an mnner blade which 1s eccentrically and vertically mov-
able relative to the outer blade, and the inner blade and
the outer blade define there between a crushing chamber,

a main shaft which 1s stationary relative to the frame,

an eccentric which 1s bearing-mounted on the main shatt,

a support cone on which the inner blade 1s arranged,

an adjustment shait by means of which the support cone 1s
vertically movable from below,

and

a hollow space 1s arranged inside the main shafft,

the adjustment shaft 1s arranged to the hollow space,

a load cylinder 1s arranged to a lower end of the main shaft
which load cylinder comprises an adjustment piston act-
ing to a lower end of the adjustment shaft, a pressure
medium supply 1s arranged to a pressure volume under
the adjustment piston for moving vertically the adjust-
ment shaft, and

a lubricant supply 1s arranged above the adjustment piston
for directing lubricant via the hollow space to targets to
be lubricated, pretferably to upper portions of the main
and adjustment shaits.

Preferably the main shaft 1s fixed stationary to the frame
such that the lower end of the main shaft extends outside the
frame under the frame and that the lubricant supply 1is
arranged from outside the main shaft through the main shaft.

Preferably the main shaft 1s fixed stationary to the frame
such that the lubricant supply 1s arranged via the load cylin-
der.

Preferably the load cylinder comprises an adjustment valve
and additionally an optional overload protection which 1s/are
coupled directly in connection with the pressure volume of
the load cylinder.

Preferably a thrust bearing 1s arranged between an upper
end of the adjustment shaft and the support cone.

Preferably an anti-spin brake 1s arranged between the
upper end of the adjustment shaft and the support cone, inside
the upper end of the adjustment shaft.

Preferably a locking means 1s arranged to the hollow space
between the adjustment shaft and the main shait which lock-
ing means allows the vertical movement of the adjustment
shait relative to the main shaft.

Preferably flow channels and/or flow grooves are arranged
to the main shaft, the adjustment shaft and radial bearings
comprised by the cone crusher for directing lubricant from
the hollow space to the lubrication targets.

Preferably the load cylinder comprises a cylinder sleeve
which 1s attached to the lower end of the main shaft and a
cylinder chamber 1s formed 1n the cylinder sleeve inside walls
of the cylinder, in which cylinder chamber the adjustment
piston 1s adapted to be moved vertically, and the cylinder
chamber 1s open to the hollow space above the adjustment
piston and the cylinder sleeve 1s reduced 1n thickness from
outside for supplying lubricant from outside the thinned cyl-
inder sleeve to the hollow space.
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Preferably the load cylinder comprises a cover which 1s
closing the cylinder chamber under the adjustment piston,
and a pressure medium supply channel 1s arranged to the
cover.

Preferably the cone crusher comprises means for adjusting,
vertically the position of the outer blade relative to the frame.

Preferably the cone crusher comprises a thread for the
vertical adjustment of the outer blade which thread comprises
an 1ner thread arranged on side of the frame and an outer
thread arranged on side of the outer blade, and an angle of the
cross section profile of the thread 1s selected such that contact
surfaces of the inner and outer threads via which crushing
force 1s transierred to the frame and which are perpendicular
relative to a force resultant of the crushing event.

According to a second aspect of the imvention there 1s
provided a mineral material processing plant comprising a
cone crusher according to the first aspect or according to any
above embodiment.

Preferably the processing plant is a fixed plant, an indepen-
dent movable plant or a plant which 1s transportable on road.

Further preferable embodiments and advantages of the
invention are shown in the following description and claims.

Different embodiments of the present invention will be
illustrated or have been illustrated only 1n connection with
some aspects of the invention. A skilled person appreciates
that any embodiment of an aspect of the invention may apply
to the same aspect of the invention and other aspects alone or
in combination with other embodiments as well.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be described, by way of example, with
reference to the accompanying drawings, 1n which:

FIG. 1 shows a cone crusher according to a pretferable
embodiment of the invention;

FIG. 2 shows a flow arrangement for lubricant in connec-
tion with an upper portion of a main shaft of the cone crusher
of FIG. 1;

FIG. 3 shows a flow arrangement for lubricant and pressure
medium in connection with a lower portion of the main shaft
of the cone crusher of FIG. 1; and

FI1G. 4 shows a mineral material processing plant compris-
ing the crusher according to FIG. 1.

DETAILED DESCRIPTION

In the following description, like numbers denote like ele-
ments. It should be appreciated that the illustrated drawings
are not entirely 1n scale, and that the drawings mainly serve
the purpose of 1llustrating some example embodiments of the
invention.

FIG. 1 shows a cone crusher comprising a frame 1 and an
upper part 2 of the crusher attached to the frame, to which
upper part 1s attached an outer blade 3 of the crusher. The
outer blade can be moved vertically when a crushing chamber
4 1s not loaded.

The crushing chamber 4 of the cone crusher i1s formed
between the outer blade 3 and an 1nner blade 5. In the crushing
event, the position of the mner blade 5 1s changed relative to
the outer blade 3, preferably as a combination of a radial
movement and a circulating movement of an axis of the inner
blade. Optionally or additionally, the inner blade 5 may be
moved vertically during the crushing or 1n an unloaded state,
a so called idle state, simultaneously or at different times with
the outer crushing blade.

The outer blade 3 1s, under loading, stationary relative to
the frame 1 and 1n the unloaded state the outer blade can be

10

15

20

25

30

35

40

45

50

55

60

65

4

moved vertically relative to the frame by rotating the upper
part 2 of the crusher supported on threads 6. The frame 1
comprises a vertical outer shell 1.1 having up at 1ts upper
portion 1.2 an inner thread 6', and an outer thread 6" 1s on an
outer periphery of the upper part 2 of the crusher. The outer
blade 1s fixed to the upper part, for example, by means of a
wedge locking 49 by mounting a wedge between an edge of
the upper part 2 and a lug of the outer crushing blade 3.

In FIG. 1 a lower end of the upper part 2 of the crusher 1s
ending on same level relative to a lower edge of the outer
blade 3. Particularly, when crushing with large settings and
new blades the upper part 2 can be rotated in 1ts highest
position wherein it 1s preferable to produce the lower edge of
the upper part 2 to continue so down that also 1n such a
situation the lower edge of the upper part 2 1s protecting the
outer thread 6' of the outer shell 1.2 of the frame and prevent-
ing rock material and dust created 1n connection with crush-
ing from entering to the threads 6.

Adjustment of the position of the outer blade 3 1s preferably
implemented by the thread 6 in which an angle of the cross
section profile 1s selected such that contact surfaces of the
inner and outer threads are pressed against each other when a
locking means 48 1s locking the upper part 2 to the frame 1.2
in a way known per se. The contact surfaces are perpendicular
relative to a force resultant F of the crushing event in the
crushing chamber 4. Then the contact surfaces of the threads
are not able to move (among others, because of deflections 1n
material and backlashes) during crushing relative to each
other and wear 1s reducing. Also moving the contact surfaces
of the thread relative to each other is easier after the locking
because the contact surfaces are not sticking to each other.
The angle of the thread can be defined on application basis
and the angle may be between 50-60 degrees relative to hori-
zontal plane. Preferably 1n the case of the crusher according to
the invention the angle 1s 53 to 57 degrees, most preferably the
angle 1s 55 degrees.

Support of the inner blade 5 of the crusher and of a trans-
mission and loading mechanism of the mner blade within the
outer shell 1.1 1s implemented by one or more arms 1.3
extending radially inwards from the outer shell 1.1.

A main shaft 7 1s attached to the frame 1. The main shaft 1s
fixed non-rotatable to the frame preferably by pressing the
frame around the main shaftt, or by a thread, wedges or a cone.
The main shaft 1s preferably tube-like. An eccentric 9 1s
bearing-mounted by means of an inner radial bearing 8 to the
main shaft 7, more particularly to an upper end, above the
frame, of the main shaft. The eccentric which 1s generally
denoted by reference number 9 comprises preferably as main
parts an eccentric bushing 9.1 to be bearing-mounted on the
main shatt 7, a counterweight 9.2, a gear 9.3 and a bottom
plate 9.4 to which other parts are attached. Amount of stroke
can be changed when the eccentric bushing and the counter-
weight, which are formed as independent parts, are changed
to different sized parts.

The inner radial bearing 8 1s coaxial with a centre line of the
crusher defined by the outer blade of the crusher. An outer
radial bearing 10 (fixed to a support cone 11) 1s arranged
outside the eccentric 9, a centre line of which outer radial
bearing 1s 1n angled position relative to the centre line of the
crusher. The inner blade 5 1s mounted on the support cone 11
which 1s bearing-mounted by means of the outer radial bear-
ing 10 on the eccentric 9. The support cone 1s bearing-
mounted on the eccentric preferably 1n a position which 1s
inclined 1n relation to a rotation axis of the main shaft. A
vertical lower thrust bearing 9' for the eccentric 1s located
between the eccentric and the frame. When the eccentric 9 1s
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rotated from outside the crusher through a drive shait, the
inner blade 5 1s moving 1n the crushing chamber 4 eccentri-
cally 1n a way known per se.

The frame 1 of the cone crusher can be made simpler than
known frames because the inner radial bearing 8 to be formed
tor the eccentric 9 1s mounted to the main shaft 7 formed as a
separate component from the frame 1, and not mounted to
forms machined 1n the frame (for example, so that the frame
and the main shaft were made as one piece). Because the main
shaft can be handled better than the frame, forms required by
bearings and lubrication, for example, lubrication flow chan-
nels, are easier to manufacture to the main shaft. Getting the
torms of the frame 1 simpler enables making the frame in one
piece more cost-ellective by casting than before. Machining,
required to the frame 1 for the main shatt 7 can be simpler than
before what reduces costs and production time needed for the
manufacture.

A hollow space 13, which 1s directed along the direction of
the main shafit, 1s formed 1nside the main shaft 7, preferably
through the main shaft. An adjustment shaft 14 i1s arranged
into the hollow space of the main shait. The hollow space 13
formed between the main shatt 7 and the adjustment shait 14
1s forming a flow channel for supplying lubricant to upper
portions of the main and adjustment shafts. Machining of a
separate lubrication o1l channel to the adjustment and main
shafts can so be avoided.

FIG. 2 shows more precisely how an upper end 15 of the
adjustment shaft 14 1s arranged to act vertically through a
thrust bearing 16 to the inner blade 5 supported by the support
cone 11. The thrust bearing 16 1s arranged between the upper
end 15 of the adjustment shait and the support cone 11. An
anti-spin brake 17 1s arranged 1nside the upper end 135 of the
adjustment shait 14 for preventing unintentional rotation of
the inner blade 5 1n the unloaded state. The anti-spin brake
comprises a iriction coupling between the adjustment shaft
14 and the support cone 11 and preferably a one-piece rnigid
transmission bar 17" which 1s passing through loose-fitting,
openings centrally in the thrust bearing. A mechanism which
1s coupling the transmission bar to the anti-spin brake and/or
to the support cone 1s preferably of constant speed type, and
has an analog function with, for example, a drive pivot used in
drive shafts of vehicles.

A locking means 18 1s arranged in the hollow space 13,
which acts as a lubrication o1l channel, between the main and
adjustment shafits, for example, a wedge locking which pre-
vents rotation movement of the main and adjustment shaifts
relative to each other but enables a vertical movement of the
adjustment shait. The structure of the locking means saves
wear of seals of an adjustment piston 33 of a load cylinder 30
(FIG. 3), enables mounting of the anti-spin brake 17 into the
adjustment shatt 14 and improves function of the thrust bear-
ing 16.

FIG. 2 shows a tlow arrangement for lubricant 1n connec-
tion with the upper portions of the main shaft 7 and the
adjustment shaft 14. As lubrication targets in the upper por-
tions of the main and adjustment shatts are, among others, the
inner radial bearing 8 between the main shaft and the eccen-
tric, the outer radial bearing 10 between the eccentric and the
support cone, the anti-spin brake 17 and the thrust bearings
16,9'.

Flow channels (Tor example, holes) are preferably arranged
to the main shait and the adjustment shait for directing lubri-
cant to targets which are needing lubrication such as to the
thrust and radial bearings. The flow of lubricant to separate
targets can be adjusted and an exact amount of lubricant can
be achieved directly to desired targets by changing relative
s1ze and amount of the flow channels.
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A separate channel 19, formed inside the main shait 7, 1s
directed to the inner radial bearing 8. Optionally or addition-
ally to the above, one or more first flow channels 19' can be
lead from the hollow space 13 to the mner radial bearing 8.
One or more second flow channels 20 can be lead further from
the iner radial bearing 8 through the eccentric bushing to the
outer radial bearing 10. Lubrication flow channels passing
through the radial bearings can be located relative to each
other on same or separate levels wherein tlow distribution of
lubricant to the bearings can be adjusted by means of the
locating of the flow channels.

Pressure/tlow of the lubricant to lubricated targets can be
adjusted, 1n a lubricant space above the adjustment piston, by
changing relative diameter ratios of the adjustment piston and
the adjustment shaft (lower portion), and adjustment shaft
and main shaft (upper portion), for example, when the adjust-
ment shait 14 1s moved downwards.

One or more third flow channels 21 can be lead from the
hollow space 13 to 1nside the upper end 15 of the adjustment
shaft 14 and further, inside the upper end of the adjustment
shaft, upwards to the anti-spin brake 17. One or more fourth
flow channels 22 can be lead from the third flow channel 21
(or direct from the hollow space 13) to inside the upper end of
the adjustment shaft, outside the anti-spin brake 17 to above
the anti-spin brake 17 and further to the thrust bearings 16.
Lubricant exiting the inner radial bearing 8 1s lubricating
preferably the lower thrust bearing 9' between the eccentric
and the frame. The lubricant may flow from the thrust bear-
ings 16 via the radial bearings 8, 10 or along separate holes to
an o1l sump of the frame for exit.

A protecting sleeve 23 1s preferably to arrange to the upper
end 15 of the adjustment shaft, with which protecting sleeve,
for example, superfluous holes left from drilling of the fourth
flow channels 22 can be closed. The protecting sleeve 23 can
be made of harder material than the adjustment shait and, 11
desired, hardened separately. A big hardness difference
between the protecting sleeve 23 and a surrounding bearing
sleeve 24 reduces wear. The bearing sleeve 24 1s intended for
coaxial vertical movement of the adjustment shait inside the
upper end 15 of the main shait. A worn protecting sleeve 23
can be changed without damaging the adjustment shaft.

At upper and lower zones of the inner radial bearing 8 and
the outer radial bearing 10 and the eccentric bushing 9.1 are
preferably formed corresponding inner chamifers and outer
chamfiers (so called idle chamifers) for the unloaded state of
the mner blade or for the duration of the idle time of the
support cone. The support cone and the eccentric bushing are
positioning inclined relative to each other because of bearing
backlash and centers of gravity on different heights, wherein
chamiers made in same inclination angle 1n the radial bear-
ings of the eccentric and the support cone are forming an even
support surface and a precondition for creating a lubrication
f1lm.

Lubrication grooves 20' may be formed to the eccentric
bushing 9.1 and/or the radial bearing 8 for dividing lubricant
from the second tlow channels 20 vertically to the outer radial
bearing 10. Additionally, lubrication groove specific bypass
grooves 25 can be formed to the eccentric bushing and/or the
radial bearing 8 in order that impurities in the lubricant do not
accumulate on bottom of the lubrication groove/grooves.

The outer radial bearing 10 mounted inside the support
cone 11 1s held flexible 1n place preferably by means of a
fixing flange 10.1. Preferably intermediate pieces (for
example, sleeves) are mounted under fixing bolts of the fixing
flange which leave play between the fixing flange and a head
of the fixing bolt. Such a floating fixing of the outer radial
bearing allows deformations 1n the support cone and the
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bearing bushing due to loading of the crusher and thermal
expansion and improves the lifetime of the support cone.

The thrust bearing 16 comprises a bearing part 16' of the
support cone, a separate intermediate part 16" and a lower
part 16™ attached to the upper end of the adjustment shait 14.
The intermediate part and the lower part are attached during
use to each other by a particular {ixing member 45 which 1s
intended for detaching the intermediate part 16" from the
bearing part 16' of the support cone, when the support cone 1s
lifted away from 1ts place, for example, in connection with
service work. The intermediate part could 1n connection with
the lifting stick to the upper part instead of the lower part 16"
so that 1t could, when dropping too early, cause a dangerous
situation to service personnel. The fixing member comprises
one or more pieces having, for example, a shape of the char-
acter ¢, which pieces can be mounted to the lower and/or
intermediate parts, for example, on their outer periphery.

The fixing member can be mounted, for example, such that
it 1s mounted fixed to the lower part but not 1n contact with the
intermediate part during use of the crusher but first when the
upper part 1s started to lift away from 1ts place, wherein the
intermediate part which 1s possibly stuck to the upper part 1s
separated from the upper part due to the fixing member and
stays on the lower part. The fixing member 1s made of steel or
other corresponding material keeping 1ts shape. The fixing
member can also be applied with a gyratory type crusher in
which a thrust bearing is located 1n a lower portion of a main
shaft.

The 1nner lubricant space of the cone crusher, especially
inside the support cone 11 and the frame 1, 1s overpressurized
in order to prevent impurities from entering, for example, the
dust created in the crushing event. Compressed air 1s lead to
the lubricant space directly through the arm 1.3. An air chan-
nel 26 with a large cross-sectional area fits 1n the arm 1.3.

The upper part 2 of the crusher 1s preferably equipped with
a dust shield 2.1. Thus, the thread 6 can be protected against
impurities and it works better. The dust shield 2.1 1s con-
nected to a rotating mechanism of the outer blade 3 and sealed
with an annular seal which 1s located between the upper part
1.2 of the frame and the dust shield or 1n the locking mecha-
nism 48.

A sealing arrangement 1s arranged between the eccentric
movable support cone 11 and the frame 1 comprising a collar
60 and a radial dust sealing 61 which 1s packing against the
collar. The collar 1s attached to the frame around the eccentric
9 and the dust sealing 1s tensed by means of a fixing member
62 against a skart 11.1, of the support cone. The dust sealing
1s allowed to move relative to the support cone wherein the
distance between an outer edge of the dust sealing and the
support cone 1s changing. An empty space 11.2 located
behind the dust sealing 1s preferably connected by means of
air channels 11.3 to the lubrication space (for example,
grooves or holes 1n the skirt 11.1 of the support cone). Func-
tion of the sealing arrangement and especially contact of the
dust sealing 61 to the collar 60 can be enhanced when local
underpressure 1s prevented from forming behind the dust
sealing.

FIG. 3 shows a lubrication o1l pass-through 46 via the
channel 19 to the radial bearings of the crusher, a bleed
channel 47 of a cylinder chamber 31 and the load cylinder 30
which acts vertically to a lower end 27 of the adjustment shaft
14 for the vertical movement of the inner blade 5.

The lower end 7' of the main shait 7 1s arranged to extend
outside the frame 1 below the frame. This enables to arrange
the lubricant supply and the load cylinder’s 30 pressure
medium supply directly 1n connection with the main shatt 7,
without passing through the frame structure which 1s occur-
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ring in connection with known solutions. The main shatit can
also be left within the frame and the lubrication channels can
be lead from below the frame via and/or through a cover 34
and/or the cylinder chamber to the lubrication space 13.
The load cylinder 30 comprises a cylinder sleeve 35,
attached to the main shait 7, having a cylinder chamber 31
inside cylinder walls 32; the adjustment piston 33 which 1s
vertically movable 1n the cylinder chamber; and the cover 34
which 1s closing the cylinder chamber from below. The
adjustment piston 33 1s supported from above to the lower end
277 of the adjustment shait 14.

Under the adjustment piston 33 there 1s a cylindrical pres-
sure volume 39 for the pressure medium such as hydraulic o1,
and above the adjustment piston there 1s a cylindrical space
for the lubricant. At least one sealing 33' 1s arranged between
the adjustment piston 33 and the cylinder wall 32 for separat-
ing the lubrication o1l and the adjustment o1l from each other.
Preferably two sealings are arranged to the adjustment piston
of which the upper lubricant sealing 1s keeping the lubricant
(which 1s, among others, dirtier than the pressure medium)
separated from the below adjustment pressure sealing. The
sealing of the adjustment piston 33 can also be implemented
as a lubricant and adjustment pressure sealing having a com-
bined structure.

The loading pressure of the load cylinder 30 i1s formed by
leading pressure medium to the pressure volume 39. The
pressure volume 39 1s created by closing the cylinder cham-
ber 31 from below with the cover 34 which 1s pressure sealed
relative to the cylinder sleeve 35. A load adjustment valve 40
1s attached to the cover 34, in direct connection with the
pressure volume 39, via a short pressure medium supply
channel 34'. So a supply pressure hose 41 connected to the
load adjustment valve 40 does not form a portion of the
pressure volume during the loading, and elasticity in the
pressure hoses which 1s harming dynamic behavior of the
crusher and 1s forming a safety risk to the operator 1s avoided.

The load adjustment valve 40 comprises preferably also, 1n
connection with the pressurized space 39, a safety valve
which 1s equipped with an overload protection. The load
pressure can be released from the pressure volume 39 to an
exit tube 42. The adjustment valve 40 can be used both to
norm adjustment and as the safety valve, for example, in
connection with a blockage which 1s causing overload in the
crushing chamber. When a pressure sensor 1s also connected
to the adjustment valve 1n connection with the safety valve,
tailure diagnostics of the loading hydraulics becomes easier
because from an output of the satety valve can be deduced i1t
the satety valve or any sealing in connection with the pressure
volume 39 1s leaking.

The cylinder sleeve 35 1s fixed, for example, by means of a
flange fastening to the lower end of the main shatt 7 and a gap
between the main shait and the cylinder sleeve 1s sealed. The
cylinder walls 32 extend partly to the hollow space 13
between the main shait 7 and the adjustment shatt 14, into a
lower end of which hollow space there 1s formed a widening
36 for the cylinder sleeve 35. The cylinder chamber 31 opens
to the hollow space 13 from above the adjustment piston 33.
Cylinder walls 32 locating 1n a region of the widening 36 are
preferably made thinner from outside 37.

The cover 34 and the cylinder sleeve 35 are detachable
from the crusher as separate components or a single unitary
component so that service and repair acts directed to the
cylinder and the piston can be conducted manually from
below the crusher. Additionally, the adjustment piston 33 may
be implemented as a component which 1s attachable to the
adjustment shaft 14 so that its replacement from below 1is
enabled. Optionally the main shaft 7 may comprise a unitary
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lower part 7', 35, 34 which 1s made of a larger entirety so that
for measures the adjustment shait and the piston can be lifted
away from above.

The lubrication tlow can be lead directly mnside the main
shaft to the level of the cylinder chamber 31 due to the thinned
structure of the cylinder walls 32, preferably 1n vertical direc-
tion even to the height of the adjustment piston 33 or below. A
coupling of the lubrication hose 38 can be made directly to the
main shait 7 so that there 1s no need for a pass-through in the
frame 1 and there 1s achieved a unitary and a long press-it
between the main shaft and the frame.

By the extending of the load cylinder 30 and especially the
upwards elongated cylinder chamber 31 1nside the main shaft
7, one can achieve a load cylinder with a long stroke, save 1n
height of the crusher construction and lighten the cone
crusher. When the adjustment piston 33 for the setting of the
inner blade 5 1s within the main shatt 7, a single part frame
structure can be achieved. The single part frame structure
connected to the adjustment of the setting of the outer blades
makes the crusher lighter. The thinner made cylinder wall
structure 32, 37 which 1s preferably arranged in the region of
the widening 36 of the hollow space 13 inside the main shaft
7 enables a low crusher construction at the same time when
the lubricant can be supplied from outside the frame 1 directly
through a wall of the main shait 7 or optionally from below
through the cover and further there from via the cylinder
sleeve or optionally via the cylinder sleeve via an edge of its
flange.

A measuring sensor 43 1s arranged under the adjustment
piston 33 ofthe load cylinder 30 by means of which the setting
of the crusher can be measured immediately centrally from
below the piston. The sensor may also be located non-cen-
trally relative to a central line of the adjustment piston.

According to some preferable embodiments a chamfer 5'1s
arranged at an upper zone of the inner crushing blade 5 such
that the crushing chamber 1s widening at the chamifer 5'. The
chamfer 5' increases a distance between the inner blade and
the outer blade what 1s influencing in same direction to the
crushing event as a prolonging of the crushing chamber but
without an increase of the height and weight of the cone
crusher.

The bleed channel 47 1s a channel which 1s formed to the
main shatt 7 or the cylinder sleeve by machining or by other
means, the purpose of which 1s to remove air in the adjustment
cylinder chamber 31, for example, 1n connection with an
introduction or after a service operation. A valve of the bleed
channel 1s opened, after that hydraulic o1l 1s brought to the
pressure volume 39 so long that a lower edge of the adjust-
ment piston 1s above a lower edge of the bleed channel and
preferably on the level of the upper edge. The hydraulic liquid
and air bubbles locating eventually on a lower surface of the
adjustment piston are traveling from the cylinder chamber to
the bleed channel 47 and from there further away from the
crusher.

FIG. 4 shows a mineral material processing plant 400
which 1s suitable, for example, for open pits for crushing rock
material. The processing plant comprises a frame 401 to
which 1s attached a track base 402 for enabling independent
movement, a feeder 403 for feeding material to be crushed to
a crusher 404 and a conveyor 407 for conveying crushed

material further, for example, to a pile beside the processing,
plant. Additionally the crushing plant may comprise a power
source 406 such as an electric, diesel or other type motor and
a transmission 403 from the power source to the crusher 404.
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The feeder 403 may be a lamella feeder or a lamella con-
veyor, a belt conveyor or a vibrating feeder which may also be
scalping to separate fine material from the material to be
crushed before crushing.

Instead of the track base 402 the movement may be enabled
also, for example, by means of legs, skids or wheels. The
processing plant 400 with a track base may be transported on
the road on a carriage or a corresponding transport arrange-
ment. Being wheel-based 1t can be towable on the road pret-
erably with a truck.

The crusher 404 of the processing plant 1s preferably a cone
crusher according to FIG. 1. The crusher 404 can preferably
be located also to a fixed crushing plant.

The foregoing description provides non-limiting examples
of some embodiments of the invention. It 1s clear to a person
skilled 1n the art that the invention 1s not restricted to details
presented, but that the invention can be implemented 1n other
equivalent means. Some of the features of the above-dis-
closed embodiments may be used to advantage without the
use of other features.

As such, the foregoing description shall be considered as
merely 1llustrative of principles of the mnvention, and not in
limitation thereof. Hence, the scope of the invention 1s only
restricted by the appended patent claims.

The mvention claimed 1s:

1. A cone crusher comprising:

a frame;

an outer blade which 1s adapted to be locked to the frame;

an mner blade which 1s eccentrically and vertically mov-
able relative to the outer blade, wherein the inner blade
and the outer blade define therebetween a crushing
chamber:

a main shaft which 1s stationary relative to the frame, the
main shait including a hollow space;

an eccentric which 1s bearing-mounted on the main shatft;

a support cone on which the inner blade 1s arranged;

an adjustment shaft positioned in the hollow space of the
main shaft and configured to support the support cone,
wherein the adjustment shatt 1s vertically movable from
below;

a load cylinder arranged to surround a lower end of the
main shaft, wherein the load cylinder comprises an
adjustment piston positioned on a lower end of the
adjustment shatt;

a pressure medium supply arranged to supply a pressurized
volume of the medium under the adjustment piston for
moving vertically the adjustment shaift; and

a lubricant supply arranged above the adjustment piston for
directing lubricant through the hollow space between
the main shait and the adjustment shaft to targets to be
lubricated, wherein

the main shaftt 1s fixed stationary to the frame such that the
lower end of the main shait extends outside the frame
and under the frame and the lubricant supply 1s arranged
from outside the frame to the extending part of the main
shaft outside of the frame and through the main shatt to
the hollow space.

2. The cone crusher according to claim 1, wherein the main
shaft 1s fixed stationary to the frame such that the lubricant
supply 1s arranged via the load cylinder.

3. The cone crusher according to claim 1, wherein the load
cylinder comprises an adjustment valve and additionally an
overload protection which 1s/are coupled directly 1n connec-
tion with the pressure volume of the load cylinder.

4. The cone crusher according to claim 1, wherein a thrust
bearing 1s arranged between an upper end of the adjustment
shaft and the support cone.




US 9,238,228 B2

11

5. The cone crusher according, to claim 1, wherein an
anti-spin brake 1s arranged between the upper end of the
adjustment shait and the support cone, inside the upper end of
the adjustment shatft.

6. The cone crusher according to claim 1, wherein a locking
means 1s arranged to the hollow space between the adjustment
shaft and the main shaift which locking means allows the
vertical movement of the adjustment shaft relative to the main
shaft.

7. The cone crusher according claim 1, wherein flow chan-
nels and/or flow grooves are arranged to the main shatt (7), the
adjustment shatt (14) and radial hearings comprised by the
cone crusher for directing lubricant from the hollow space to
the lubrication targets.

8. The cone crusher according to claim 1, wherein the load
cylinder comprises a cylinder sleeve which 1s attached to the
lower end of the main shait and a cylinder chamber 1s formed
in the cylinder sleeve inside walls of the cylinder, 1n which
cylinder chamber the adjustment piston 1s adapted to be
moved vertically, and the cylinder chamber 1s open to the
hollow space above the adjustment piston and the cylinder
sleeve 1s reduced 1n thickness from outside for supplying
lubricant from outside the thinned cylinder sleeve to the hol-
low space.

9. The cone crusher according to claim 8, wherein the load
cylinder comprises a cover which 1s closing the cylinder
chamber under the adjustment piston, and a pressure medium
supply channel 1s arranged to the cover.

10. The cone crusher according to claim 1, wherein the
cone crusher comprises means for adjusting vertically the
position of the outer blade relative to the frame.

11. The cone crusher according to claim 10, wherein the
cone crusher comprises a thread for the vertical adjustment of
the outer blade which thread comprises an inner thread
arranged on side of the frame and an outer thread arranged on
side of the outer blade and an angle of the cross section profile
of the thread 1s selected such that contact surfaces of the inner
and outer threads via which crushing force is transferred to
the frame are perpendicular relative to a force resultant of the
crushing event.
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12. A mineral matenal processing plant comprising a
teeder for feeding mineral, material to be crushed and a
conveyor lfor transierring crushed material further and a
crusher, which comprises:

a frame;

an outer blade which 1s adapted to be locked to the frame;

an 1mnner blade which 1s eccentrically and vertically mov-
able relative to the outer blade, wherein the inner blade
and the outer blade define there between a crushing
chamber:

a main shaft which 1s stationary relative to the frame, the
main shaft including a hollow space;

an eccentric which 1s bearing-mounted on the main shatt;

a support cone on which the inner blade 1s arranged;

an adjustment shait positioned in the hollow space of the
main shait and configured to support the support cone,
wherein the adjustment shaft 1s vertically movable from
below;

a load cylinder arranged to surround a lower end of the
main shaft, wherein the load cylinder comprises an
adjustment piston positioned on a lower end of the
adjustment shaft;

a pressure medium supply arranged to supply a pressurized
volume of the medium under the adjustment piston for
moving vertically the adjustment shaft; and

a lubricant supply arranged above the adjustment piston for
directing lubricant through the hollow space between
the main shaft and the adjustment shaft to targets to be
lubricated, wherein

the main shafit 1s fixed stationary to the frame such that the
lower end of the main shaft extends outside the frame
and under the frame and the lubricant supply 1s arranged
from outside the frame to the extending part of the main
shaft outside of the flume and through the main shait to
the hollow space.

13. The processing plant according to claim 12, wherein

the processing plant 1s a fixed plant, an independent movable
plant or a plant which 1s transportable on road.
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